pensive reagents or special equipment being required.
Previously, we have discussed the decomposition profi les of chemocleavable surfactants in water upon exposure to acids and alkalis and reported that the cleavable moiety the 1,3-dioxolane ring or ester has a positive effect on various surface-active properties especially the micelle formation and solubility in water 9, 15 . The biodegradability of these surfactants was almost the same as or higher than that of the corresponding conventional surfactants 13, 15 .
However, there have been few reports on the practical application of chemocleavable surfactants 20, 21 . In this study, we synthesized poly butyl methacrylate and polystyrene by emulsion polymerization using both chemocleavable anionic surfactants 1a and 2a and the corresponding conventional surfactants as emulsifiers. In this paper, we discuss the isolation of these polymers by several methods. We measured the polydispersity, polymerization degree, and Na content of the polymers, and determined the effect of these chemocleavable emulsifi ers during emulsion polymerization.
EXPERIMENTAL PROCEDURES

Materials
Two types of target chemocleavable emulsifi ers 1 and 2 were synthesized according to previously reported methods 9, 15 . Soap-type surfactants 1 and sulfonate ester-type surfactants 2 were isolated by recrystallization from ethanol and by reversed-phase column chromatography using methanol as the eluent, respectively. Commercially available sodium dodecanoate SOAP , sodium dodecanesulfonate SAS , sodium dodecyl sulfate AS , and potassium persulfate Tokyo Chemical Industry Co., Inc., Japan were used directly, without any further purifi cation. Commercially available n-butyl methacrylate and styrene Nacalai Tesque, Inc., Japan were used as hydrophilic and hydrophobic monomers, respectively. The polymerization inhibitor was removed from n-butyl methacrylate before using it by distillation under reduced pressure and from the styrene by column chromatography on alumina.
Synthesis 2.2.1 Poly butyl methacrylate : a typical procedure
A round-bottomed flask fitted with a condenser and a mechanical stirrer was filled with n-butyl methacrylate 5.70 g, 40 mmol , 1a 0.1 g and distilled water 100 mL . The mixture was purged with nitrogen gas for 15 min and then heated to 80 . An aqueous solution 1.5 mL of potassium persulfate 0.073 g was added to the flask to initiate the polymerization, and the mixture was maintained at 80 for 2.5 h with vigorous stirring 500 rpm in a nitrogen atmosphere. After the mixture was cooled, the poly butyl methacrylate was deposited by adding HCl to the emulsions. The polymer was filtered off, affording a yield of 5.27 g 92 . In the case of 2a, the poly butyl methacrylate was deposited by adding either HCl or NaOH, whereas in the case of the conventional emulsifi ers, the poly butyl methacrylate was deposited by adding ethanol, saturated NaCl aqueous solution, or HCl. 2.2.2 Polystyrene: a typical procedure A round-bottomed flask fitted with a condenser and a mechanical stirrer was filled with styrene 5.21 g, 50 mmol , 1a 0.1 g and distilled water 100 mL . The mixture was purged with nitrogen gas for 15 min and then heated to 80 . An aqueous solution 1.5 mL of potassium persulfate 0.073 g was added to the fl ask to initiate the polymerization, and the mixture was maintained at 80 for 2.5 h with vigorous stirring 500 rpm in a nitrogen atmosphere. The polystyrene was deposited by adding HCl to the emulsions. The polymer was fi ltered off, affording in a yield of 4.74 g 91 .
In the case of 2a, the polystyrene was deposited by adding either HCl or NaOH, whereas in the case of the conventional emulsifiers, the polystyrene was deposited by adding ethanol, a saturated NaCl aqueous solution, or HCl.
Physical properties
The polydispersities and polymerization degrees of the polymers were measured by gel permeation chromatography GPC-101, Showa Denko K.K., Japan . The samples were prepared by dissolving polymers 5 mg in THF 3 mL . The packed column was LF-804 critical molecule weight for exclusion 2 10 6 . The calibration curves were created by the standard materials of monodisperse polystyrene Mw: 580-7.5 10 7 .
Polydispersity Mw/Mn. Polymerization degree Mn/molecular weight of monomer. Mw weight-average molecular weight of polymer. Mn number-average molecular weight of polymer. The Na content of the polymers was measured with an atomic absorption spectrophotometer AA-6800, Shimadzu Corporation, Japan . The polymers were fi rst decomposed by heating in a mixture of nitric acid and perchloric acid; then, the samples were prepared by diluting the decomposed polymers in a volumetric fl ask.
The synthesis results and physical properties of the polymers are summarized in Tables 1-5 .
RESULTS AND DISCUSSION
Poly butyl methacrylate and polystyrene were prepared by emulsion polymerization using chemocleavable anionic emulsifiers as well as the corresponding conventional emulsifi ers Scheme 2 . In the case of 1a and 2a, the polymers were isolated by adding either HCl or NaOH to the emulsions. It has been previously confi rmed that 1a is decomposed completely after 80 min by 0.1 M HCl, and that 2a is decomposed completely and immediately by 0.1 M NaOH alkaline conditions whereas it requires about 2 days to be decomposed almost completely by 1 M HCl acidic conditions . In the case of conventional emulsifi ers, the polymers were obtained according to the standard methods by adding either ethanol or a saturated NaCl aqueous solution .
Preparation and properties of poly butyl methacrylate
The synthesis results and physical properties of poly butyl methacrylate are summarized in Tables 1 and 2 . In the case of the chemocleavable emulsifiers 1a and 2a , the emulsions could be easily broken by adding either HCl or NaOH. Further, the polymers were fi ltered off which could be done very quickly , washed with distilled water, and dried under reduced pressure. When the emulsions were broken by adding a saturated NaCl aqueous solution to 1a, the polymer was filtered off very slowly. In the case of SOAP, the emulsions were broken by adding ethanol or a saturated NaCl aqueous solution or HCl, but here too the polymers were fi ltered off very slowly. In the case of SAS and AS, the emulsions were broken by adding only a saturated NaCl aqueous solution, and these polymers were also fi ltered off very slowly. It was hypothesized that some inScheme 2 Preparation of poly(butyl methacrylate) and polystyrene. The polydispersity values of poly butyl methacrylate in 1a at 0.1 wt and 0.05 wt were less than 3. These polydispersity values were almost the same as or lower than those in the corresponding conventional emulsifiers under these reaction conditions. It was hypothesized that the average molecular weight of some polymer molecules in the corresponding conventional emulsifiers was above critical molecule weight for exclusion 2 10 6 in GPC chromatogram. Hence, these polydispersity values might have been higher than the observed values.
The polymerization degree values of the poly butyl methacrylate in the chemocleavable emulsifi ers were lower than those of the poly butyl methacrylate in the corresponding conventional emulsifiers. This may be attributable to the amount of the initiator in the micelle. The molecular surface area of the chemocleavable emulsifi ers is larger than that of the corresponding conventional emulsifi ers, probably because of the existence of the bulky 1,3-dioxolane ring or ester groups in the molecule 9, 15 . These micelles would be somewhat more loosely packed than the corresponding conventional emulsifi ers. The chemocleavable emulsifi ers had good water solubility as compared to the corresponding conventional emulsifiers. Therefore, it might be easy to insert a potassium persulfate molecule as a hydrophilic initiator into the micelle of the chemocleavable emulsifiers. The polymerization degree values in 1a increased with an increase in the concentration of 1a because the amount of the initiator on a number of micelles decreased 22 .
The shape of the GPC chromatogram for the chemocleavable emulsifiers was relatively symmetrical Fig. 1 . The GPC chromatogram for the conventional emulsifiers exhibited a discernible shoulder under these reaction conditions, probably because of the difference in times at which the reactions were initiated or the reaction time interval. This may be attributable to the nonuniformity of the monomer or initiator in the reaction systems. It was hypothesized that the monomer or initiator could not be emulsifi ed or that it was dispersed homogeneously by the conventional emulsifi ers.
The Na content values of poly butyl methacrylate in the chemocleavable emulsifiers were lower than those of the poly butyl methacrylate in the corresponding conventional emulsifiers. The values in the NaCl method for breaking the emulsion were very high, as we presumed. It was hence concluded that the polymers in the chemocleavable emulsifi ers were free from salts and emulsifi ers. Fig. 1 GPC of poly(butyl methacrylate) in 1a, 2a , and conventional emulsifi ers.
Preparation and properties of polystyrene
The synthesis results and physical properties of polystyrene are summarized in Tables 3 and 4. In the case of the chemocleavable emulsifiers 1a and 2a , the emulsions could be easily broken by adding either HCl or NaOH, which is similar to the case of poly butyl methacrylate . Further, the polymers were filtered off which could be done very quickly , washed with distilled water, and dried under reduced pressure. Polystyrene could be synthesized at a lower concentration of 1a or 2a compared to the concentration of the conventional emulsifiers. In the case of SOAP, the emulsions were broken by adding either a saturated NaCl aqueous solution or HCl, but the polymers were filtered off very slowly. In the case of SAS and AS, the emulsions were broken by adding only a saturated NaCl aqueous solution, and here too the polymers were fi ltered off very slowly. Some yields were over 100 because of contamination in the polymers.
The polydispersity values of polystyrene in the chemocleavable emulsifiers were about 3. These polydispersity values were almost the same as or lower than those of polystyrene in the corresponding conventional emulsifi ers under these reaction conditions. The polydispersity values in the conventional emulsifiers might have been higher than the observed values, which is similar to the case of poly butyl methacrylate .
The polymerization degree values of polystyrene in the chemocleavable emulsifiers were lower than those of the polystyrene in the corresponding conventional emulsifi ers. The polymerization degree values in 1a increased with an increase in the concentration of 1a. The polymerization degree values of polystyrene were smaller than those of poly butyl methacrylate in each emulsifi er. It was expected that butyl methacrylate as a hydrophilic monomer would be easily emulsifi ed by these emulsifi ers.
The Na content values of polystyrene in the chemocleavable emulsifiers were lower than those of polysterene in the the corresponding conventional emulsifi ers.
The polymerization of styrene was investigated with varying quantities of initiator Table 5 .
For small quantities of initiator, the polydispersity and polymerization degree values of polystyrene were almost the same as or higher than those under the original conditions quantity of initiator 0.073 g , whereas for large amounts of initiator, they were lower. The polymerization degree decreases with an increase the amount of initiator because of the increase in the number of initiation reaction in the micelle 22 . 
CONCLUSION
Poly butyl methacrylate and polystyrene could be synthesized and easily deposited by adding either HCl or NaOH using chemocleavable emulsifi ers 1a or 2a . In this process, the polymers can be fi ltered off very quickly. The polydispersities of these obtained polymers were better than those of the polymers in the conventional emulsifi ers. The shape of the GPC chromatogram of poly butyl methacrylate in chemocleavable emulsifiers was better than that of the poly butyl methacrylate in the conventional emulsifiers. The Na content values in chemocleavable emulsifiers were lower than those in the corresponding conventional emulsifi ers. There was a difference in the polymerization degrees of poly butyl methacrylate and polystyrene. The purity of the polymers in the chemocleavable emulsifiers was higher than that of the polymers in the conventional emulsifi ers because the polymers in the former were free from salts and emulsifi ers. 
